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Matgorzata NABRDALIK

PRODUCTION OF INDOLE ACETIC ACID
BY ENDOPHYTIC Bacillus STRAINS

PRODUKCJA KWASU INDOLILOOCTOWEGO
PRZEZ ENDOFITYCZNE SZCZEPY Bacillus

Abstract: The objectives of this study were to isolate and characterize endophytic bacteria from sugar beet
roots focusing on their ability to produce indole acetic acid (IAA). In order to isolate endophytic bacteria the
sugar beet roots were used. To determine the amounts of IAA produced by endophytic Bacillus strains
(B. amyloliquefaciens, B. megaterium and B. subtilis), a colorimetric technique was applied with Salkowski
reagent. The isolates were grown in Laurin Broth medium supplemented with L-tryptophan over the
concentration range of 100-10000 pg/cm® and incubated at 30 °C for 7 days. The highest concentration of
TIAA was recorded after 4 days of culturing in the supernatant obtained from the media containing
10000 pg/cm® of tryptophan. For the strain B. subtilis and B. megaterium the concentration of IAA marked in
the post —culturing liquid amounted about 82.00 pg/cm?, and for the B. amyloliquefaciens strain it amounted
over 121.28 pg/em®. The strains Bacillus under study produced IAA in a different amount in the presence of
L-tryptophan and in its absence.
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Introduction

Endophytes belong to the microorganisms that have attracted researchers’ attention
in recent years. They derive mainly from rhizosphere and colonize internal plant tissues
without causing disease symptoms [1, 2]. Most of the known endophytes belong to the
genera Aerobacter, Aeromonas, Bacillus, Curtobacterium, Enterobacter, Pseudomonas,
Erwinia and Microbacterium [3-5]. They help plants adapt to unfavourable environ-
mental conditions such as excessive salinity, lack of water, stress caused by pesticides,
heavy metals or hydrocarbons. Endophytic bacteria are particularly beneficial in the
process of plants growth and development and thus are applied in the process of
biological plant protection and increasing plant yield.
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In the colonization of plants by bacteria, it is important that bacteria have the ability
to produce enzymes degrading the plant cell wall (CWDE, Cell Wall Degrading
Enzymes) at a significantly lower level when compared to phytopathogenic micro-
organisms [3]. The endophytes possess the ability to bind nitrogen, produce phyto-
hormones, synthesize 1-aminocyclopropane-1-carboxylic acid deaminase (ACC) and
increase the bioavailability of phosphorus. They are also responsible for the production
of hydrogen cyanide, ammonia, siderophores, antimicrobial compounds or biosurfactants.
The strains producing plant hormones of auxin class, i.e. indole-3-acetic acid (IAA) are
of particular interest. IAA, produced by endophytic microorganisms is probably
involved in establishing contact between the bacteria and the plant and plays
a significant role in the development of the root plant system. Low levels of IAA
stimulate root elongation, while higher affects the formation of lateral and adventitious
roots. However, an application of high concentrations of IAA induces ethylene
production which inhibits the plant growth [6-9]. In addition, the bacterial IAA
increases the amount of polysaccharides produced by the plant that can be used by other
microorganisms. This promotes further colonization of plants by different potential
endophytes and the development of rhizodermal bacteria [1, 10].

There have been identified several pathways of IAA synthesis in endophytic bacterial
cells. Its main precursor is tryptophan. Symbiothic bacteria produce IAA as indolyl-
-3-pyruvic acid (IPyA indole-3-pyruvate path), whereas phytopathogenic strains pro-
duce TAA from indolyl-3-acetamide (IAM indole-3-acetamide pathway) [11-13].

The aim of this paper was to isolate endophytic bacteria from the sugar beetroot and
identify their abilities to produce indole-3-acetic acid (IAA).

Materials and methods
Isolation and identification of endophytic bacteria

In order to isolate endophytic bacteria sugar beet roots were used. They were
thoroughly washed and fragments of tissues for tests were cut out under aseptic
conditions. Obtained samples were then rinsed with 70 % propanol, shaken for
5 minutes in sodium hypochloride solution and rinsed with sterile water. In order to
isolate endophytic bacterial cells, tissues were macerated in phosphate-buffered saline
(PBS). The tissue homogenate was applied onto tryptone soya agar (TSA, BioMaxima)
after short pasteurization. The growing media were incubated at 28 °C for 48 hours. The
preliminary identification of isolated mono bacterial cultures was carried out on the
basis of microscopic description, biochemical properties and diagnostic test Api SOCHB
(BioMerieux).

The isolated bacteria, recognized as Bacillus spp., were identified as species with
16S rDNA sequencing procedure. The amplification was carried out with the following
primers: 27F (5’-AGAGTTTGATCTTGGCTCAG-3’) and 1492R (5’-ACGGTTACC
TTGTTACGACTT-3") and with the use of Direct PCR Kits — Terra PCR Direct
Polymerase Mix (Clontech, Mountain View, CA, USA = Takara Bio USA). Terra PCR
Direct enables to skip DNA extraction and purification stage, and proceed directly with
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PCR amplification. PCR reaction was conducted in 50 mm’® capacity with 5 mm® of
sample (1-day-old cultures), 25 mm® 2X Terra PCR Direct Buffer (with Mg%, dNTP),
15 pmoles of forward and reverse primer mixture and 1 mm® Terra PCR Direct
Polymerase Mix (1.25 U/ mm®). The PCR reaction was performed with initial
denaturation at 98 °C for 2 minutes followed by 40 cycles with denaturation for
10 seconds at 98 °C, annealing for 15 seconds at 60 °C and extension at 68 °C for
60 seconds for each kb fragment. The amplified products were separated by electro-
phoresis with a 2.0 % agarose gel and stained with ethidium bromide. Detection of PCR
products was determined for ethidium bromide stained agarose gel (2.0 % in TBE
buffer) using Gel-doc (Bio-Rad). The PCR samples were sent for sequencing at
Genomed (www.genomed.pl). The sequences identity were compared with those
present in GenBank database (www.ncbi.nlm.nih.gov/BLAST/) using the BLASTN
algorithm.

Screening of bacterial strains for hydrolytic enzymes production

Production of CWDE (protease, c-amylase, lipase and cellulase) is a common
mechanism used by bacteria to inhibit the growth of other microorganisms.

For determining the production of protease, a-amylase, lipase and cellulase 10 mm
of the bacterial cells suspension was streaked on respective agar medium. The plates
were incubated at 28 °C for 7 days.

In order to determine the production of protease, skim milk agar plates were used and
after the incubation time the plates were observed for clear zones around the
colony [14].

To detect the production of a-amylase, 1.0 % iodine solution was poured into the
starch agar after the incubation and a yellow zone around the colony was observed
against the dark blue back ground [15].

Lipase production was proved by supplementing the nutrient agar with 1.0 %
tributyrin (Sigma-Aldrich). Appearance of the clear zone around the colony indicated
occurrence of extracellular lipase production.

Cellulase production was determined by using media with 1.0 % carboxymethyl-
cellulose CMC (Sigma-Aldrich) in basal medium [14]. After cell growth, the presence
of extracellular cellulase was detected by flooding the plates with 0.1 % Congo red
solution for 15 minutes and decolouring them with 1.0 % NacCl solution for 5 minutes.
A clear zone against the red back ground indicated that the bacteria was positive for
cellulase production.

3

Screening of bacterial strains for plant growth promoting traits
Siderophore production

The isolates were checked for the production of siderophores on CAS blue agar
medium containing complex chrome azurol S (CAS/Fe+3/hexadecyltrimethylammonium
bromide) [16]. The bacterial strains were inoculated on the CAS agar plates and



96 Matgorzata Nabrdalik

incubated at 28 °C for 48 h. Development of orange halos around the colonies were
taken as the measurement of siderophore production.

Hydrogen cyanide (HCN) production

Production of HCN was assessed by growing the bacteria in tryptone soya agar
(TSA) supplemented with glycine (4.4 g/dm3). Filter paper soaked in picric acid and
Na,COj; solution was fixed to the underside of the lids of plates and incubated for
7 days at 28 °C. A change in the filter paper color from deep yellow to orange brown to
dark brown was considered to be the indication of HCN production [17].

Ammonia production

The bacterial isolates were tested for the production of ammonia in peptone broth.
The strains were inoculated into peptone broth and incubated at 28 °C for 48 h. After
incubation Nessler’s reagent (0.5 cm3) was added to each tube. The formation of brown
to yellow precipitate was considered to be a positive test for ammonia production [15].

Phosphate solubilization

The bacterial isolates were screened for phosphate solubilization using Pikovskaya
medium [18]. The media inoculated with the isolates were incubated at 28 °C for 7 days.
The plates were observed for the formation of clear zone around the colony, which
indicated solubilization of phosphate present in the medium.

TAA production characteristic

To determine the amounts of IAA produced by endophytic bacteria strains,
a colorimetric technique was applied with Salkowski reagent [19].

The isolates of Bacillus spp. were grown in LB medium (Laurin Broth) supple-
mented with L-tryptophan at concentrations of 100, 500, 1000, 5000 and 10000 pg/cm’
and incubated at 30 °C for 7 days. In the control trials the bacterial cultures were grown
in the medium without L-tryptophan. The production of IAA was measured after every
24 hours. After the incubation, the cells were centrifuged (10000 rpm for 20 minutes at
10 °C) and 2 cm® of supernatant was mixed with 4 cm® of Salkowski’s reagent and kept
in the dark at room temperature. The optical density (OD) was recorded at 530 nm after
30 minutes. The quantification of IAA was carried out using a standard curve with
known concentrations of pure IAA (Sigma-Aldrich), prepared separately. Values are
expressed in pg/em’.

Statistical analysis

Statistical significance was determined using an analysis of variance (ANOVA)
followed by Tukey’s HSD test. Values were considered significantly different at
p < 0.05.
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Results and discussion

A total of three different bacterial strains were isolated after pasteurization from the
sugar beet roots on the basis of colony morphology and colors. All the isolates were
Gram-positive and were able to form endospores. The preliminary identification
performed with tests Api SOCHB determined biochemical properties of bacteria and
thus classify them as Bacillus. In enzymatic tests, the strains used different carbo-
hydrates: glycerol, L-arabinose, D-ribose, D-xylose, glucose, fructose, mannose, inositol,
mannitol, sorbitol, methyl-D-glucoside, arbutine, esculine, salacine, cellobiose, maltose,
saccharose, trehalose, inuline, raffinose, amidon, glycogene, gentiobiose and turanose
and additionally one of the following: galactose, N-acetyl-glucosamine, amygdaline,
lactose, melibiose and melezitose (Table 1). On the basis of their morphology,
biochemical characteristics and 16S rDNA gene sequence isolates were identified as
Bacillus amyloliquefaciens, B. megaterium and B. subtilis.

Table 1

Biochemical characterization of endophytic Bacillus strains of sugar beet roots

Test Bz?cillus ' Bacilh{s Bacil.h.m
amyloliquefaciens megaterium subtilis

Glycerol + + +
Erytheritol - — -
D-Arabinose - -

L-Arabinose + + +
D-Ribose + + +
D-Xylose + + +
L-Xylose - - -
Adonitol - -
Methyl-3-D-Xylopyranoside - —

Galactose - - +
D-Glucose + + +
D-Fructose + + +
D-Mannose + + -
L-Sorbose - — -
Rhamnose - -
Dulcitol - -
Inositol + +

Mannitol + + +
Sorbitol + +

a-Methyl-D-Mannoside -

a-Methyl-D-Glucoside + +

N-Acetyl-Glucoside - - +
Amygdaline - - +
Arbutine + + +
Esculine + + +
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Table 1 contd.

Test

Bacillus
amyloliquefaciens

Bacillus
megaterium

Bacillus
subtilis

Salicine

+

+

+

Cellobiose

+

+

Maltose

+

+

Lactose

Melibiose

Saccharose

Trehalose

Inuline

+ [+ |+

S o o o o N S

Melezitose

D-Raffinose

+

Amidon

+

Glycogene

+

+ [+ |+

+ |+ [+

Xylitol

B-Gentiobiose

D-Turanose

D-Lyxose

D-Tagatose

D-Fucose

L-Fucose

D-Arabitol

L-Arabitol

Gluconate

2-Keto-Gluconate

5-Keto-Gluconate

“4+” — presence of activity;

« %

— absence of activity.

With regard to production of hydrolytic enzymes, all the endophytic bacterial strains
were positive for protease, amylase and lipase. Only B. megaterium was negative for
cellulose production (Table 2).

Table 2

Production of hydrolytic enzymes by endophytic Bacillus strains

. Bacillus Bacillus Bacillus
Production of . . . e
amyloliquefaciens megaterium subtilis
a-amylase + + +
Protease + + +
Lipase + + +
Cellulase + - +

« %

“4+” — presence of activity; — absence of activity.
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There are many reports on the production of hydrolytic enzymes by endophytic
bacteria [20-22]. Production of extracellular hydrolytic enzymes by microorganisms
plays an important role, for example in the management of plant pathogens. They also
appear to be important for the colonization of plant roots. In authors’ own studies,
Bacillus strains showed high activity of lytic enzymes involved in the degradation of the
cell wall. However, Cho et al. [14] suggested that hydrolytic enzymes can be produced
by endophytes only in the early stage of invasion, and not in the phase when the plant
tissue is infected. Moreover, the authors, on the basis of 16S rRNA gene sequence
analysis, proved that the majority of Gram-positive endophytic bacteria with low
content of G+C show cellulolytic activity, whereas some Gram-positive bacteria with
high G+C content show only protease activity and no cellulolytic activity. Cho et al.
[14] also proved lack of any cellulolytic activity for B. megaterium. Hence the
differences in activity between the analyzed Bacillus strains and the research data
published by other researchers [21, 22].

All isolates were tested for plant growth promotion traits by qualitative determination
of production of siderophore, hydrogen cyanide, ammonia, phosphate solubilization and
auxin production. None of the isolated Bacillus strains was able to produce siderophore
but they were able to produce TAA. Only B. megaterium was positive for HCN
production and B. subtilis was able to produce ammonia and solubilize inorganic
phosphate (Table 3).

Table 3

Plant growth promoting attributes of endophytic Bacillus strains

. Bacillus Bacillus Bacillus
Production of . i . .
amyloliquefaciens megaterium subtilis
Siderophore — —
HCN - +
Ammonia - - +
Phosphate solubilization - - +
Indole-3-acetic acid + + +

« %

“+” — presence of activity; — absence of activity.

The following research concerned the evaluation of the ability of tested Bacillus
strains to synthesize indole-3-acetic acid. It has been determined how the concentration
of L-tryptophan, an auxin precursor, and the time affected the amount of produced IAA.
Its presence was noted in post-culturing liquid of all three tested strains, both in the
presence and absence of L-tryptophan (Fig. 1-3). The highest amount of IAA was
produced by tested strains on the fourth day of culturing in the presence of
10.000 ug/cm3 of L-tryptophan. The most active strain under these conditions was
B. amyloliquefaciens producing 121.3 ug/cm3 of IAA. The lowest concentration of JAA
was recorded, in the first three days of the experiment, for the growing medium without
the amino acid and for the medium containing its lowest amount. The concentration of
IAA amounted circa 20.0 ug/cm3 and the differences between noted results were
statistically insignificant. In the remaining variants of the experiment, differences in the
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Fig. 1. Effect of L-tryptophan on IAA production by Bacillus amyloliquefaciens. Different letters indicate
significant differences (ANOVA, p < 0.05, Tukey’s HSD test)

amount of produced IAA were statistically significant. After four days of incubation,
a slow decrease in the amount of the synthesized IAA by B. amyloliquefaciens was
noted (Fig. 1). The other strains, B. megaterium and B. subtilis produced IAA at
a similar level, however, significantly lower when compared with B. amyloliquefaciens.
The two strains, produced the highest amounts of IAA on the fourth day in the presence
of the highest concentration of amino acid in the medium, and amounted 82.58 and
81.13 pg/em’ of IAA, respectively (Fig. 2-3). Increasing the incubation time to 7 days
resulted in a statistically significant decrease in the production of IAA. The amount of
produced IAA was growing with increasing incubation time only in case of supernates
obtained from the culturing medium containing 1.000 pg/cm’® of L-tryptophan.

Bacterial endophytes can promote plant growth directly by producing compounds
enabling plants to absorb nutrients from the environment. The mechanisms include:
binding biological nitrogen, hydrogen cyanide production, solubilization of phosphorus,
siderophore production and the biosynthesis of phytohormones [23, 24].

In authors’ research, none of tested strains showed the ability to promote the plant
growth by performing all of the above mentioned mechanisms. Also in Arruda et al.
[16] research only 25 % isolates demonstrated all of the characteristics evaluated and
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Fig. 2. Effect of L-tryptophan on IAA production by Bacillus megaterium. Different letters indicate
significant differences (ANOVA, p < 0.05, Tukey’s HSD test)

42 % isolates possessed two characteristics: to produce indole-acetic acid and to
solubilize phosphates, or produce indole-acetic acid and siderophores. However, none
of the strains showed simultaneous phosphate solubilization and siderophore produc-
tion. They found rhizobacteria producing siderophores which belonged to the genera
Pseudomonas and Burkholderia. Many studies have reported that Pseudomonas spp. are
potent siderophore producers [9, 25]. Zhao et al. [26] presented different results when
compared with the results obtained by the authors. Most of the endophytic Bacillus
strains under study were able to produce siderophores and solubilize phosphates.
Whereas, Kumar et al. [27] noted that all four Bacillus strains tested in their research
synthesized TAA, three solubilized phosphates and only one produced siderophores.
A large group of endophytes is capable of solubilizing inorganic phosphate in soil
which is determined by their ability to produce organic acids with carboxyl groups able
to chelate cations, especially cations P and Ca and thus help plants assimilate soluble P
[16, 26]. Siderophores play an important role in promoting plant growth employing two
mechanisms, direct by supplying Fe to the plant or by limiting the availability of Fe to
pathogens [26]. However, in presented research, only one of the isolates was able to
solubilize phosphates and none produced siderophores.
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Fig. 3. Effect of L-tryptophan on IAA production by Bacillus subtilis. Different letters indicate significant
differences (ANOVA, p < 0.05, Tukey’s HSD test)

The most common growth regulator produced by endophytic bacteria is indole-
-3-acetic acid, which might help with nitrogen binding from the atmosphere and which
plays an important role in the growth and development of roots. In authors’ own
research presented in this paper, all tested strains of Bacillus produced indole-3-acetic
acid. The analysis of available reference data enables to conclude that most endophytes
(98 %) are able to produce IAA in the presence of tryptophan, assuming that noted
value of JAA amounting 0.1 ug/cm3 or higher is a confirmation of IAA production [16].
The amount of synthesized IAA varies and depends mainly on applied amount of
tryptophan. Zhao et al. [26] in their research noted IAA production by all endophytic
Bacillus strains and the amount ranged from 11.5 ug/cm3 (for B. megaterium) to
22.9 pg/em® (for B. subtilis) after 72 h of incubation on the medium containing
100 pg/em® of L-tryptophan. An application of a 10-fold higher concentration of
L-tryptophan resulted in different amounts of IAA produced by B. subtilis obtained by
different authors, e.g. 24.13 and 2.10 ug/cm3 of IAA [19], 8.80 ug/cm3 of TAA [28] or
10.62 ug/cm3 of TAA [29]. Taking into account the above mentioned data, the amount
of IAA produced by endophytic bacteria can vary between different species and strains,
and depends on the culturing conditions, the growth phase and the availability of the
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substrate. Moreover, the differences in the efficiency of IAA production by endophytes
can also be connected with individual properties of each strain. Endophytic bacteria
utilize different pathways of the IAA biosynthesis, and single bacterial strain sometimes
encompasses more than one pathway [11, 13, 18].

Conclusions

Conducted research evaluated endophytic strains belonging to the genus Bacillus in
terms of their ability to produce IAA depending on the time and the concentration of the
substrate. It has been noticed that biosynthesis of IAA, the dose of L-tryptophan and an
incubation time is directly proportional. During the first four days of culturing, the
increase in L-tryptophan concentration contributed to an increase in the production of
IAA. The maximum amount of IAA was produced by Bacillus strains after four days of
culturing in the presence of 10,000 pg/cm® of L-tryptophan. Among tested strains,
endophytic strains of B. subtilis showed the activity of enzymes degrading the plant cell
wall and employed inorganic phosphate solubilization as one of the major mechanisms
of plant growth promotion. Therefore, it can be applied as a factor promoting plant
growth in agriculture to increase plant growth.
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PRODUKCJA KWASU INDOLILOOCTOWEGO
PRZEZ ENDOFITYCZNE SZCZEPY BACILLUS

Samodzielna Katedra Biotechnologii i Biologii Molekularnej
Uniwersytet Opolski, Opole

Abstrakt: Celem pracy bylo wyizolowanie i scharakteryzowanie bakterii endofitycznych korzeni buraka cu-
krowego pod katem ich zdolnosci do produkcji kwasu indolilooctowego (IAA). Materiat doswiadczalny do
izolacji bakterii endofitycznych stanowity korzenie burak cukrowego. Ilo§¢ wytworzonego IAA przez endo-
fityczne szczepy Bacillus (B. amyloliquefaciens, B. megaterium, B. subtilis) oznaczono metoda koloryme-
tryczng z odczynnikiem Salkowskiego. Szczepy hodowano w pozywce LB (Laurin Broth) suplementowanej
L-tryptofanem w stezeniach 100-10000 pg/ecm’ i inkubowano w 30 °C przez 7 dni. Najwyzsze stezenie IAA
odnotowano po 4 dniach w hodowlach zawierajacych 10000 pg/em® L-tryptofanu. Dla szczepu B. subtilis
i B. megaterium stezenie IAA wynosilo okolo 82,00 pg/em’, a dla szczepu B. amyloliquefaciens
127,28 pg/em’. Badane szczepy Bacillus spp. wytwarzaly IAA na réznym poziomie zaréwno w obecnosci
L-tryptofanu jak i przy jego braku.

Stowa kluczowe: Bacillus, endofity, tryptofan, auksyny
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